Background: Field-based fitness assessments are time-and cost-efficient. However, no studies to date have reported the predictive value of field-based musculoskeletal fitness assessments in preschoolers. The purpose of this study was to determine the validity of two field assessments to predict peak muscle power in preschool-aged children.
. Emerging evidence shows positive associations between MF and bone heath and self-esteem as well as negative associations between MF and central adiposity, cardiovascular disease and metabolic risk factors among children and adolescents (Ortega et al. 2008 , Smith et al. 2014 . Long-term follow-up studies have also found that, compared to cardiorespiratory fitness, measures of MF in adolescence are more strongly predictive of bone mineral density later in life (Kemper et al. 2000 , Barnekow-Bergkvist et al. 2006 .
Despite the growing body of work on MF in childhood, a recent review by Plowman and colleagues (2014) concluded that many important questions still remain regarding how we test MF in children and youth. As population level studies rely heavily on field-based assessment of fitness, the first step to understanding the impact of MF on health in childhood is to determine how well MF field-tests agree with criterion laboratory measures of the same construct. The use of valid and reliable MF field tests will make it possible to measure meaningful changes and deficits over time and relate this back to important health outcomes in large samples of children.
One important aspect of MF is muscle power (Pate et al. 2012 ). Short-term muscle power, or peak power is defined as the highest mechanical power that can be delivered during short duration exercise (≤30 s), with 'true' peak power requiring measures of instantaneous force and velocity (Van Praagh and Doré 2002) . The Wingate anaerobic test is a 30 second cycle ergometer sprint test used to measure peak power, mean power and percent fatigue (Bar-Or 1987) . It is one of the most common methods for assessing short-term muscle power; however, D r a f t 4 the specialized equipment is costly and not feasible in large population -based studies, especially in school/preschool settings.
Although there is growing evidence supporting MF field tests in school-aged children (Safrit 1990 , Freedson et al. 2000 , Castro-Piñero et al. 2010a , much less is known about the validity of MF testing in the kindergarten/preschool population. As young children tend to accumulate their daily physical activity in short, intense intermittent bouts (Baquet et al. 2007 ), short-term muscle power may be extremely relevant to their habitual activity patterns. In a recent systematic review by Ortega and colleagues (Ortega et al. 2015) , the authors identified the need for validation studies as no studies to date have examined the criterion-related validity of field-based MF assessments in preschoolers. The standing long jump (standing broad jump) and
Bruininks Oseretsky Test of Motor Proficiency 2
nd Edition (BOT-2, (Bruininks and Bruininks 2005) ) shuttle run were examined as they are field-based tests that are easy to administer and comprehend, time efficient, and involve minimal equipment, making them ideal for field-based fitness testing in a young population. The purpose of this study was to determine if the standing long jump (LJ) and the BOT-2 shuttle run are able to accurately predict peak muscle power, as measured using a modified 10s Wingate protocol as the criterion standard (Nguyen et al. 2011) , in a community-based sample of preschool children 3-5 years old.
METHODS

Participants
Four hundred and nineteen preschool children were recruited from various community 
Measures
Anthropometrics
Standing height was measured without shoes to the nearest 0.1cm using a calibrated stadiometer.
Weight was measured on a digital scale to the nearest 0.1kg in light clothing and without shoes.
For descriptive purposes, Body Mass Index (BMI) was calculated as weight/height 2 (kg/m 2 ).
BMI percentiles, based on sex and age, were calculated based on Centers for Disease Control and Prevention (CDC) growth charts (Kuczmarski et al. 2002) .
Field Assessments
Standing Long jump (LJ)
The standing long jump (LJ) (or standing broad jump) was chosen as is used in numerous fitness test batteries across the world and was a recommended MF field test in the Institute of Medicine's report on youth fitness measurement (Pate et al. 2012) . It is considered to be a D r a f t measure of explosive strength/muscle power and has found to be reliable in preschoolers (Oja and Jürimäe 1997 , Bénéfice et al. 1999 , Fernandez-Santos et al. 2015 and to be strongly associated with other lower body muscular strength field tests (e.g. vertical jump, counter movement jump, squat jump) in children and youth (Castro-Piñero et al. 2010b , Fernandez-Santos et al. 2015 . In addition, the relative simplicity of the long jump compared to other jump protocols such as the counter movement jump and vertical jump, made this test ideal for the preschool population.
Children were required to stand with both feet behind a marked line. Participants were instructed to jump as far as they could off both feet. The jump was first demonstrated using appropriate arm swing and 2 footed takeoff and landing. If the child did not understand the instructions the task was re-demonstrated and any errors were corrected. Distance was measured, to the nearest half inch, from the marked line to the back of the closest heel. Each child performed 3 jumps and the best result was recorded. Jumps were not recorded if the children fell or if they used a one-footed take-off or landing .
BOT-2 shuttle-run
Speed and agility, although mainly thought to assess 'motor fitness', also involves many components of MF as it requires explosive lower body strength and power along with balance and coordination (Ortega et al. 2008 ).
Running speed and agility was assessed using the Bruininks-Oseretsky Test of Motor Proficiency Similar shuttle-run tests also have good reliability in preschool children (e.g. 4x10m 4x4m; Ortega et al. 2015) , however this test was chosen in order to limit complexity as only 1 change in direction is required.
Peak muscle power
Modified Wingate Test
As young children accumulate the majority of their moderate to vigorous physical activity in bouts less than 10 seconds (Baquet et al. 2007 ), we developed a modified 10s Wingate anaerobic cycling test to determine short-term muscle power (Nguyen et al. 2011) . The test was performed on a pediatric cycle ergometer (Fleisch-Metabo, Geneva, Switzerland, or Pediatric Corival, LODE, the Netherlands). The Wingate test is considered a gold standard in short-term muscle power assessment, and this modified 10s protocol has been shown to be feasible and highly reliable (ICC 0.93) for preschoolers 3-5 years old (Nguyen et al. 2011) . Seat height and pedal crank length were adjusted for each child and their feet were taped into the pedals. In order to D r a f t 8 establish peak cadence (rpm), the child performed an initial "sprint" by pedaling as fast as they could for ~20 s against only the internal resistance of the ergometer. After a short rest, the child began the modified Wingate test. The child was instructed to pedal as fast as they could with a "ready… set… go" signal from the investigator. When 80 % of the peak cadence was reached, the braking force (0.55 N·m·kg -1 body mass) was applied. During the 10-second test, the child was encouraged to keep pedalling as fast as he/she could. Peak power (PP) in Watts was taken as the highest instantaneous power output achieved during the test. If children were unable or refused to pedal over 25rpm they were excluded from the current analysis.
Due to change of equipment from the Fleisch-Metabo to the LODE cycle ergometer after the first 65 participants, a calibration study on 28 participants who completed tests on both ergometers one week apart was conducted (Caldwell et al. 2016) . No significant differences in peak or mean power were observed, and therefore results from both ergometers were included in the final analyses.
Statistical Analyses
Sex differences in anthropometrics and fitness measures were examined using independent ttests. Pearson correlations were conducted to examine the relationship between PP and both LJ and SRT. In order to determine the predictive power of each field test, multiple variable linear regression analysis was conducted. Weight (kg), age and sex were first added into the model 
RESULTS
Participant Characteristics
Four hundred and nineteen children (208 girls, 211 boys) participated in the baseline HOPP study assessments. 15 children were not able to pedal >25rpm (mean age 3. Table   2 ).
Predictive equations
Equations that can be used to calculate PP from each of the field tests are below:
LJ PP (Watts) = 9.0 (age) + 3.7 (sex) + 7.1 (weight) + 0. 
DISCUSSION
Due to the recent emphasis on MF as an important health marker in childhood, it is important to be able to measure this aspect of health using valid assessments outside the laboratory setting.
D r a f t
Although the Wingate anaerobic test is commonly referred to as a gold standard for the measurement of short-term muscle power, it requires expensive equipment, trained personnel and is not suitable for testing large groups of children. The purpose of this study was to determine the construct validity of the LJ and 50ft shuttle run by measuring their ability to accurately predict peak power as measured using Wingate power outputs in older children, which found moderate to high correlations (Tharp et al. 1985 , Hoffman et al. 2000 , Bongers et al. 2015 ). In the current study, the r=0.68 correlation between LJ and PP is considerably higher than validation studies comparing LJ to 1RM leg extension or leg press reporting correlations from r=0.2-0.4 in children age 6-12 (Milliken et al. 2008 , Fernandez-Santos et al. 2015 . This suggests that the LJ may be better able to predict lower body muscle power than tests of lower body muscle strength in young children. Although the field-tests in this study independently explained 40-45% of the variance in PP, adding D r a f t participant's weight into the model significantly increased the predictive value of the tests; this is a common finding in the literature due to the high correlations between body mass and muscle power and strength measures, which is suggested to be due to increases in fat-free mass (Tharp et al. 1985 , Fernandez-Santos et al. 2015 . This is further supported by a recent study by Fry and colleagues (2015) who discovered that age related differences in leg strength and power in children from age 3 to 7 were minimal once body mass was adjusted for, this highlights the importance of considering body mass when interpreting muscular performance in young children.
The average peak power output of 94 W in the current sample is consistent with findings from Fry and colleagues (2015) who measured the highest mean power achieved during a maximal velocity leg press in a similar same age group (age 3-7). Previous research has also shown that laboratory-assessed peak and mean power using the aforementioned modified 10s Wingate protocol exhibits strong tracking, or stability of relative rankings over time, in preschool children (Gabel et al. 2011 , Caldwell et al. 2016 . Utilizing valid and reliable field-based tests in this age group will allow short-term muscle power to be tracked in large cohorts and ultimately help to determine its relevance to health-related outcomes later in life.
Due to the young age of the participants, a few children under the age of 4 (n=15) had not yet achieved the level of coordination required to pedal the ergometer above 25 rpm and were therefore excluded from the analysis. However, as many field-measures of MF involve one's ability to move in a coordinated way (e.g., long jump, vertical jump, sprinting), it would be expected that their ability to perform on the field-test would be hindered as well. This is D r a f t supported by our data as these children who had difficulty pedaling had significantly shorter LJ distance (t=2.2, p<.05) and longer SRT (t=3.2, p<.01) than the 3 year old children who were able to pedal >25rpm. Although we cannot tease out the effects of motor coordination in the relationship between LJ and SRT to PP, both impaired motor coordination and low MF have been shown to be risk factors for negative health outcomes such as excess weight gain as children age (Ortega et al. 2008 , Lopes et al. 2012 . Although, within typically developing children, body weight is relevant to the prediction of absolute PP, overweight children who are at risk for poor MF would actually perform worse on the LJ and/or shuttle run. This would lead to an overall prediction of relative peak power (W/kg) much lower than a normal weight child of the same age who performs better on the LJ and shuttle run. By using field-tests of MF that incorporate dynamic coordination, teachers may be able not only to identify children with poor MF, but also identify children who may have concurrent motor coordination difficulties. These tests are valuable because both the LJ and BOT-2 shuttle run involve movement patterns that are typical of preschool-aged children and can be used to provide a reasonable estimate of peak muscle power in young children.
Limitations
To our knowledge, this is the first study to validate field-measures of MF to a laboratory criterion standard of short-term muscle power in preschool-aged children. Although the children were always given verbal encouragement and the tests were quick to complete and easy to comprehend, we recognize that due to the young age of the sample, participant motivation and attention may have impacted the children's performance. There may be small, random errors related to manual timing of the BOT-2 shuttle run and visual measurement of the LJ distance, D r a f t 14 however overall these should not impact the results as studies investigating the reliability of similar protocols have found no evidence of systematic bias or heteroscedasticity ).
Future directions
The results from this study confirm that field-based assessments can be used to estimate peak muscle power in preschoolers. We recognize that there is limited evidence linking short-term muscle power in the early years to long-term health outcomes. Therefore, future research investigating the relationships between peak muscle power, as a surrogate of MF, and health outcomes, such as weight status or cardiovascular risk, in large samples of children is necessary before the predictive utility of these tests can be determined. As young children's activity patterns are characterized by short intermittent bursts of activity, their ability to create short-term power outputs may have important implications for their accumulation of physical activity throughout the day. Longitudinal studies examining these relationships starting at the preschool age are needed in order to ascertain the causal ordering and impact of low MF on physical activity and health from early childhood to adolescence. Future work examining the predictive validity of these field tests and the age cut-offs for poor peak muscle power are required before targeted interventions can be implemented. 
